Abstract: Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitors are used for the treatment of various disorders related to decline in acetylcholine levels in the brain by inhibiting the activity of the neurotransmitter AChE. The present study reports the potential of endophytic Alternaria spp. for their potential to produce cholinesterase inhibitors active against both acetylcholine and butyrylcholine. Twenty-nine isolates belonging to Alternaria spp. were isolated from different plants and screened. Variation with respect to inhibitor production was observed in different isolates. Out of 29 cultures screened, good cholinesterase (both AChE and BChE) inhibitory activity in range of 70-85% was observed in three isolates, whereas three showed only AChE inhibition. No correlation was observed in AChE and BChE inhibitor production. TLC bioautography for the inhibitor in the selected cultures evinced different Rf values of inhibitors indicating different nature of the compounds produced. In order to analyze evolutionary relationships between producer and non-producer strains, phylogenetic analysis of six producer and five non-producer strains was carried out using amplified ITS-I-5.8SrDNA-ITS-II region. Phylogenetic analysis revealed majority of the non-producer strains to be present on different clades indicating different evolutionary origins. The dual cholinesterase inhibitory activity and the diversity in the inhibitors produced by different isolates could prove to be novel sources of pharmaceutical as well as agriculturally important biomolecules after purification and characterization.
Introduction
The regulation and level of acetylcholine in neurons and synaptic junction plays an important role in a number of neural diseases, particularly Alzheimer's disease, myasthenia gravis and other neurodegenerative disorders (Bartus et al. 1982) . Acetylcholinesterase (AChE) is a substrate specific enzyme degrading neurotransmitter acetylcholine in nerve synapses. Reversible inhibition of this enzyme leads to an increase in neurotransmitter concentration within the synaptic cleft, which positively affects patients with neurodegenerative disorders (Darvesh et al. 2003) . AChE inhibitors are the most effective approach to treat the cognitive symptoms of Alzheimer's disease and other possible therapeutic applications in the treatment of Parkinson's disease, senile dementia, etc. (Holden & Kelly 2002 ). Another enzyme which has been implicated in maintaining cholinergic function is butyrylcholinesterase (BChE). It is also believed to be involved in the progression of neurodegenerative disorders, such as Alzheimer's disease. Recently, it has been suggested that the use of dual cholinesterase inhibitors including both AChE and BChE as targets may prove more effective in treating patients with Alzheimer's disease (Greig et al. 2001; Martinez & Castro 2006) . The AChE inhibitors, such as eserine, tacrine, donepezil, rivastigmine, and galantamine being used for the treatment of Alzheimer's disease suffer from certain drawbacks (McGleenon et al. 1999) . Therefore, the search for novel AChE inhibitors with better properties is necessary. AChE inhibitors also find application in agriculture, where they are used for the control of insects and pests in pharmaceutical applications for controlling head lice. An overstimulation of the nervous system of the insect results in its death. This property of the inhibitor can be exploited to develop newer insecticides against a wide range of insect pests (Houghton et al. 2006) .
Endophytic fungi, in spite of their immense potential as sources of novel and important bioactive molecules, have not been extensively screened for cholinesterase inhibitors. There are few reports of screening of endophytic fungi for their ability to produce cholinesterase inhibitors (Rodrigues et al. 2005; Zhu et al. 2010) . Keeping this in view, the need for better inhibitory molecules and the potential of endophytic Cholinesterase inhibitors from Alternaria spp.
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fungi as sources of diverse bioactive molecules (Tan & Zou 2001; Strobel 2003; Bhagat et al. 2011 ), fungi were isolated from different healthy plants and screened for their cholinesterase inhibitory potential. In our previous studies conducted in the laboratory, an endophytic Alternaria sp. isolated from Ricinus communis was found to evince good cholinesterase inhibitory activity (Singh et al. 2012) . With regard to this, the endophytes were isolated and those identified as Alternaria were analyzed for their ability to produce the inhibitors and an attempt was made to study the variation concerning the inhibitor production. Phylogenetic relationships between the producer and non-producer strains of Alternaria spp. were also assessed.
Material and methods

Isolation of endophytic fungi
Twenty-nine endophytic cultures of Alternaria were isolated from different parts of different healthy plants. The material was thoroughly washed using distilled water, followed by treatment with 70% ethanol for 2 min and 4% sodium hypochlorite for 3 min to accomplish surface sterilization. It was again rinsed in sterile distilled water prior to plating. The water obtained after the last wash was plated on potato dextrose agar to ensure complete surface sterilization. The samples were cut into 5-6 pieces (2-6 mm size) and were positioned on water agar plates supplemented with chloramphenicol (200 µg/mL) and incubated at 30
• C for 3-4 days to few weeks till the growth initiated. The emerging fungal hyphae were isolated and purified on potato dextrose agar (Singh et al. 2012 ).
Production of cholinesterase inhibitors
For primary screening, Erlenmeyer flasks (250 mL) containing 50 mL malt extract broth of liquid production medium were inoculated with three agar plugs (8 mm diameter) taken from the periphery of growing cultures of endophytic isolates purified on potato dextrose agar plates. The flasks were incubated at 250 rpm on a rotary shaker at 30
• C for 10 days. Thereafter, 50 mL of ethyl acetate was added to each of the flask and extraction was carried at 120 rpm at 40
• C for 1.5 h. The organic phase thus obtained was separated and concentrated on rotary evaporator (BUCHI). The concentrated samples were then re-suspended in HPLC grade water for further assay (Singh et al. 2012) .
Screening for AChE inhibitors
AChE inhibition assay (in vitro) was carried out by modified Ellman's method (Ellman et al. 1961; Eldeen et al. 2005) . Buffer A (50 mM Tris-HCl) of pH 8.0 was prepared for the preparation of buffer B and buffer C. The reaction mixture containing 140 µL of buffer B, 10 µL of 5,5'-dithiobis 2-nitrobenzoic acid 3 mM in buffer C, 20 µL of test compound solution and 20 µL of AChE solution (0.2 U/mL) was mixed and incubated for 10 min at 25
• C (where buffer B was prepared by adding 0.1% bovine serum albumin in buffer A and buffer C was prepared by adding 0.1 M NaCl and 0.02 M MgCl2 in buffer A). The reaction was then initiated with the addition of 10 µL acetylthiocholine iodide (15 mM in buffer C). After the incubation, hydrolysis of acetylthiocholine iodide was monitored at a wavelength of 412 nm by the formation of a yellow coloured 5-thio-2-nitrobenzoate anion as a result of the reaction of 5,5'-dithiobis 2-nitrobenzoic acid with thiocholine, released by the enzymatic hydrolysis of acetylthiocholine iodide. All the reactions were performed in triplicate in 96-well micro-plate. Galanthamine, a known AChE inhibitor was used as a positive control. The percent inhibition was calculated using the formula (A is the absorbance.): % inhibition = (change in A of control -change in A of sample)/change in A of control × 100
False positive results were eliminated by the method of Rhee et al (2003) . Screening for BChE inhibitors was carried out by following the same procedure using butyrylthiocholine iodide as substrate and BChE as enzyme.
Identification and phylogenetic analysis of cultures
The culture exhibiting maximum production was identified by both conventional methods (morphological and microscopic methods) and molecular analysis (DNA isolation, amplification). Slide culturing was done to determine the microscopic features for morphological characterization according to standard taxonomic key (Larone 2002) .
Molecular characterization was carried out by using primer pairs ITS 1 and ITS 4 for amplification of region covering ITS-I-5.8SrDNA-ITS-II (Sharma et al. 2008) . The amplified ITS sequences of selected isolates were aligned to each other as well as the sequences retrieved from NCBI databases using BLAST, and dendrogram was generated using the software MEGA 5 (Tamura 2011).
TLC bioautography for AChE inhibitors
TLC bioautography was performed to analyze any variation in the nature of the inhibitors. Ten µL of each sample was spotted on the silica gel TLC plates and developed with the solvent system CHCl3 : MeOH; (7 : 3); 10 µL of galantamine solution in HPLC grade water was also spotted as a reference. After developing the TLC plate, enzyme inhibitory activity of the developed spots was detected by spraying it with the substrate, dye and enzyme. The presence of cholinesterase inhibitory activity was determined by the formation of well-defined white spots made visible by spraying with 5,5'-dithiobis 2-nitrobenzoic acid, which gives a yellow background (Rhee et al. 2001 ).
Results and discussion
More than two hundred endophytic fungi were isolated from different healthy plants (Azadirachta indica, Ocimum tenuifloram, Withania somnifera, Vinca rosea, Ficus carica, Ricinus communis) and screened for their AChE inhibitory activity. It was observed that many isolates identifiable as Alternaria spp. on morphological as well as molecular basis, were evincing inhibitory activity.
The present study was conducted with an aim to analyze the differences in the inhibitor production and to assess any phylogenetic relationships between the producer and non-producer strains. Out of twenty-nine Alternaria isolates screened, six cultures were found to show good AChE inhibition in the range of 70-85% (Table 1), whereas less or negligible activity was detected in the rest of isolates.
TLC bioautography was carried out for the selected culture extracts using chloroform : methanol (7 : 3). In all the producer cultures, except Wi-26, one spot corresponding to AChE inhibitory activity was observed, whereas in case of Wi-26 two spots were present. The Rf value of inhibitors varied indicating differences in the polarity of the compounds, which could imply a difference in the nature of the compounds produced (Fig. 1) . Four cultures were also found to exhibit good BuChE inhibitory activity (70-80%) increasing their potential as pharmaceutical agents. No correlation was observed in AChE and BChE inhibitor production (Fig. 2) . Three cultures VS-11, Cas-1 and WI-26 exhibited nearly equal amount of inhibitory activities for both the enzymes, whereas TL-5, NL-23 and GUL-18 showed AChE inhibitory activity but BChE inhibitory activity was negligible. The reverse was observed in case of TL-7 which evinced good BChE inhibitory activity and negligible AChE inhibitory activity. In order to analyze evolutionary relationships between producer and non-producer strains (Table 2) , phylogenetic analysis of six producer and five nonproducer strains was carried out using amplified ITS-I-5.8SrDNA-ITS-II region. Evolutionary analysis was conducted in MEGA 5 (Tamura et al. 2011) . The evolutionary history was inferred using the neighbour-joining method (Saitou & Nei 1987) . The evolutionary distances were computed using the Kimura 2-parameter method (Kimura 1980) and are in the units of the number of base substitutions per site. The analysis involved 23 nucleotide sequences. All ambiguous positions were removed for each sequence pair. There were a total of 1,798 positions in the final dataset. It was revealed that all the producer (except AR-15) and non-producer strains were present on different clades indicating separate evolutionary origins (Fig. 3) .
Though many endophytic fungi are reported to possess cholinesterase inhibitory activity (Rodrigues et al. 2005; Zhang et al. 2011) , there are few reports on Alternaria as a source of cholinesterase inhibitors. Alternaria is also gaining importance as a biological control agent (Singh et al. 2012) . Alternaria infectoria and Alternaria alternata have been reported for the biolog- Christias et al. 2001) . It is possible that the insecticidal potential of Alternaria could be due to the production of these inhibitors. The insecticidal activity of an AChE inhibitor produced by a species of Alternaria has been demonstrated against Spodoptera litura (Singh et al. 2012 ). The study highlights the importance of Alternaria as a novel source of cholinesterase inhibitor. The dual cholinesterase inhibitory activity and the diversity in the inhibitors produced by different isolates could prove to be novel sources of pharmaceutical as well as agriculturally important biomolecules after purification and characterization.
